Summary &horbar; In this preliminary work, using pig embryos ultrastructural immunocytochemistry with polyclonal antibodies against purified histones was used to demonstrate both their localization and the time of their appearance in pronuclei, from 15 h after ovulation (pronuclear stage) to 48 h postinsemination (4-cell stage).
(3rd Franco-Czechoslovak Meeting, INRA, Jouy-en-Josas, 13-14 December 1988) Summary &horbar; In this preliminary work, using pig embryos ultrastructural immunocytochemistry with polyclonal antibodies against purified histones was used to demonstrate both their localization and the time of their appearance in pronuclei, from 15 h after ovulation (pronuclear stage) to 48 h postinsemination (4-cell stage).
In pronuclei, the histones H2B, H3, and H4 were located in the heterochromatin as soon as it appeared. Usually, one of the pronuclei seemed to be more heavily labelled. The chromatin facing the zone of pronuclear contact formed a bowl-shaped region in each pronucleus heavily labelled for these histones. The so-called pseudo-nucleoli were present in both pronuclei and contained H2B.
In 4-cell stages, the labelling intensities of heterochromatin for H2B, H3 and H4 were equal in all the nuclei. H2B was still evident in the pseudo-nucleoli, but in a lower quantity than before. The condensed chromatin located either under the nuclear envelope or surrounding the pseudo-nucleoli was heavily labelled for H2B, H3 and H4. (Courtens et al., 1983 (Courtens et al., , 1988 . They are rapidly eliminated from the nucleus of the male gamete soon after fertilization (Kopecny & Pavlok, 1975) , leaving bare &dquo;male&dquo; DNA. In early embryo development, the DNA is reassociated with new nucleoproteins that are synthesized de novo or are already present in the oocytes. Among them, the histones are produced early after fertilization and their amounts correspond to the amounts of replicated DNA that are necessary for cellular division (Kaye & Wales, 1981 ) . In the mouse, the S phase (DNA replication) that begins 11 h after insemination lasts for about 7 h (Howlett & Bolton, 1985) .
The histones are involved in the reformation of the secondary structure of the DNA, being associated to form the basal units of chromatin, the nucleosomes, formed by octamers of the 4 histones H2A, H2B, H3, and H4 (Pederson et aL, 1986) surrounded by two DNA spirals. Successive nucleosomes are both separated and linked together by one molecule of histone H1, also located on the DNA fiber. Active transcription is associated with H1-nucleosomes&horbar;DNA complexes (Banchev et al., 1988) . Non-histone nucleoproteins are also involved in the spatial organization of the chromatin (Fredericq, 1976; Bradbury, 1979; Kaye & Wales, 1981; Poccia, 1986; Homberger & Koller, 1988) , but their occurrence in young embryos is far from being completely understood.
The decondensation of the human spermatozoon nucleus takes place between 1 and 6&horbar;8 h after the in vitro mixing of gametes (Tesarík & Kopecny, 1988) , while it starts after 5 h in the sheep 
Labelling of sections

Reagents
Rabbit specific anti-histone sera had been previously tested : H2B (Muller et al., 1985) , H3 (Muller et al., 1982) , and H4 (Muller et al., 1987 (Courtens et al., 1983 (Courtens et al., , 1988 antisera.
The pseudo-nucleoli were uniquely but strongly labelled for H2B (Figs. 2, 3 ). Other histones were found to be absent when tested with the specific antisera utilized (Fig. 5) . The &dquo;intranuclear chromatoid clusters&dquo; of different sizes present in all sections were not stained by the tested antihistone antibodies (Figs. 2, 5) .
As compared to the nuclei, the cytoplasms were poorly labelled for histones, both with the peroxidase and with the colloidal gold method. However, since no specific labelled organelle and no preferential cytoplasmic localization could be identified, it seems possible to consider this light labelling as background staining.
Four-cell embryos
Four blastomeres were present in all embryos 46 h after the expected ovulation (48 h after the second insemination) (Fig. 6) . Their nuclei contained peripherally-located heterochromatin that was well labelled by antibodies to the three histones H2B, H3 and H4 (Figs. 7, 8, 9, 10) . In addition, the chromatin surrounding the pseudo-nucleoli was also strongly labelled (Figs. 7, 8, 9 , 10). The pseudo-nucleoli were still specifically positive for H2B, but the intensity of the reaction was weaker than that present in former stages (Fig. 7; compare with Figs. 2, 3) . The &dquo;intranuclear chromatoid clusters&dquo; were still not stained (Fig. 9) , and the light labelling of cytoplasm was also considered as background.
DISCUSSION
The presence of two pronuclei in contact 15 h after the supposed ovulation in the pig is in agreement with the observations of Norberg (1973) and Tomanek et al. (1986) in the same species, and with those of Tesarik and Kopecny (1988) in humans or in the sheep.
Despite the fact that the nuclei of spermatozoa are devoid of nucleoli, these structures were already present in both pronuclei in the early stages, i.e. before fusion. However, the structures of nucleoli in young embryos were unusual, and were similar to &dquo;nucleoli&dquo; described in oocytes from large follicles (Antoine et al., 1988) . They were larger than &dquo;ordinary&dquo; nucleoli and well delimited. They displayed homogeneous contents without any granules or individual fibrils. The &dquo;nucleoli&dquo; were composed of densely packed fibrils (Crozet et al., 1986) . In oocytes of antral follicles, the &dquo;nucleoli&dquo; might be composed of acid proteins (Antoine et al., 1988) or, on the contrary, be rich in basic proteins (Takeuchi, 1986) . The present demonstration of histone H2B, in the absence of H3 and H4 in these structures, is quite surprising since these nucleoproteins are generally associated in core particles. The decline in labelling intensities for H2B in 4-cell pseudonucleoli leads to the hypothesis that pseudo-nucleoli could be implied in storage, in the absence of demonstrated synthesis, as they are for ribonucleoproteins (Geuskens & Alexandre, 1984) .
The stored histone could be used later, supplying the active chromatin close to the nucleoli (Tomanek et al., 1986 (Tomanek et al., , 1988 (Tomanek et al., 1986) , provided they are close to H1 units (Banchev et al., 1988) , are only one of these nucleoproteins. We have demonstrated in this study that as soon as they appeared in nuclei, they were associated with, or determined the appearance of heterochromatin, probably in core particle units, while the rest of the chromatin was mostly unlabelled. One of the many open questions concerns the protein status of these unlabelled areas of the chromatin and their roles in the early embryo.
As compared to nuclei of adjacent corona cells which were strongly labelled in the same sections, the staining intensities of nuclei was poor in the embryo, even in the 4-cell stages. The distribution of the histones was also different. Most of the labelled heterochromatin surrounded the pseudo-nucleoli in parts of the nuclei that were active in transcription (Tomanek et aL, 1986) and some more condensed parts of the chromatin, i.e. the intranuclear chromatoid clusters, were never labelled.
The inclusion of further cleavage stages in analysis is required to better understand the nuclear events that take place in early embryos.
